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Analysis coupling between a laser and a single-mode fiber with a
ball lens based on Monte Carlo method
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(1. State Key Laboratory of High Performance and Complex Manufacturing Central South University Changsha 410083 China;
2. School of Mechanical and Electrical Engineering Central South University Changsha 410083 China)

Abstract: In order to study effect of different parameters on coupling efficiency between a semiconductor laser and a single—
mode fiber with a ball lens its optical transmission model was established. Based on ABCD matrix and the coupling theory of
Gaussian beam to a single-mode fiber its coup fficiency was calculated. The parameter tolerances were obtained when the
coupling efficiency decreased 0.5dB and the ball Tens was in 0. 5mm radius. Combined with coupling efficiency calculation
model the coupling efficiency distribution was simulated with Monte Carlo method when the parameters met the normal
distribution. The result shows that maximum efficiency reaches 0. 616 and the maximum likely efficiency is 0. 585. The efficiency
improves significantly as the parameters’ tolerances reduce by half. But further narrowing of tolerances can’t enhance the
efficiency obviously. The research approach is instructive for selection of alignment units and estimation of coupling efficiency in
laser device package.
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Fig. 1  Coupling between a laser and a single-mode fiber with a ball lens ( 2)
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Fig. 2 Effect of distance d and z on efficiency when R =0. Smm
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Table 1 Different parameters” tolerances and optimal value in ball lens cou—
pling
optimal
parameters tolerance
value/pm
lateral deviation Ax ( —3.28um 3.28um) 0

vertical deviation Ay

angle deviation parallel 6 ,

( -1.783um 1.783Mm© 0
( —0.24° 0.24°) 0

coupling efficiency

Fig. 4 Cumulative distribution function of coupling efficiency

angle deviation perpendicular 6 (—1.784° 1.784°) 0
distance z between lens and fiber  ( 1957. 3 pm 2024. 6jum) 1993.9
distance d between lens and laser (256.932um 263. 106pum)  260. 26

radius of lens (496. 825um 503. 777 um) 500
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Fig. 5 Maximum likely efficiency when m varies
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Fig. 6 90% efficiency when m varies
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